We present a 'can't intubate, can't oxygenate' (CICO) scenario necessitating an emergency tracheostomy in a four-year-old boy with fibrodysplasia ossificans progressiva (FOP). A true CICO scenario in children is extremely rare, even in specialised paediatric anaesthesia practice. This report highlights the lack of a consensus difficult airway algorithm for the paediatric population and the paucity of evidence for any chosen technique. We make recommendations to assist the paediatric anaesthetist considering what technique they would use if faced with a CICO in a child, based on some of the current evidence and the unique features of the paediatric airway anatomy. We argue that an emergency surgical tracheostomy may be the simplest and most effective rescue technique in the paediatric population. Regardless of the chosen technique, prior familiarity and preparedness will maximise the chances of success in a paediatric CICO.
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CASE HISTORY
Consent for this case report was obtained from the parents of the patient. A four-year-old, 12 kg boy was scheduled for manipulation under general anaesthesia of his mandible, dislocated due to temporomandibular joint disease resulting from FOP. Significant pathognomonic changes were present in this child, including reduced mouth-opening, fixedforward flexion of the head, marked neck stiffness, and thickening and induration of both the nuchal muscles and the right sternocleidomastoid muscle. Movement of the chest wall was restricted and a marked kyphosis was evident. His shoulders were fixed in a forward position and his elbows fixed at 90 degrees, hampering the use of his upper limbs.
A gas induction with sevoflurane and oxygen through an Ayre's T-piece with a Rendell Baker mask was performed uneventfully. Following two to three minutes to allow an adequate depth of anaesthesia to be attained, the mandible was reduced without difficulty. A sudden cessation of respiratory effort was immediately noted following jaw manipulation and confirmed on examination, and it appeared the patient was splinting his chest wall. No tracheal tug or see-saw abdominal movements suggestive of attempted inspiration against a closed or narrowed glottis were noted. A small dose of propofol was administered to deepen anaesthesia while bag-mask ventilation was attempted as oxygen desaturation occurred. A laryngeal mask airway was inserted and ventilation attempted without success. Direct laryngoscopy was performed cautiously due to pathology affecting the cervical spine and this failed to visualise the epiglottis. With the onset of bradycardia, chest compressions, adrenaline 10 µg/kg and atropine 20 µg/kg were administered intravenously. An attempt was made at oral fibreoptic intubation with a pre-prepared flexible bronchoscope through a laryngeal mask. The endotracheal tube was railroaded into position after the bronchoscope appeared to be in the trachea. Auscultation was * FANZCA, BMed, BMedSci, Staff Specialist Anaesthetist. † MB, BS, FANZCA, FFPMANZCA, Senior Staff Specialist Anaesthetist. ‡ MB, ChB, FRACS, Senior Ear, Nose and Throat Surgeon, Department of Surgery.
SuMMARY
A 'can't intubate, can't oxygenate' scenario in a child is fortunately extremely rare. We report a case of this life-threatening event in a four-year-old boy suffering from a rare genetic disorder, fibrodysplasia ossificans progressiva. He presented for manipulation of his dislocated jaw and was identified preoperatively as having a difficult airway. Despite extensive preparation, a catastrophic loss of airway control occurred minutes after induction of general anaesthesia, necessitating a life saving emergency tracheostomy. This report highlights the small evidence base and lack of definitive algorithms relating to how best to rescue a paediatric 'can't intubate, can't oxygenate' situation. Paediatric anatomical factors dictate that immediate procession to a tracheal surgical airway may be the optimal management.
Case RepoRt
Anaesthesia and Intensive Care, Vol. 40, No. 6, November 2012 performed and breath sounds were confirmed bilaterally. A dose of relaxant (cisatracurium 0.15 mg/ kg) was administered. The patient's condition did not improve and the placement of the endotracheal tube was questioned. Re-auscultation of the chest could not confirm breath sounds and no end-tidal CO 2 was recordable. A CICO scenario was declared and an ear, nose and throat (ENT) surgeon present in the operating suite was urgently summoned. An initial unsuccessful attempt by the ENT surgeon to perform a needle cricothyroidotomy was abandoned and an open emergency tracheostomy was successfully performed with a rapid improvement in the patient's condition occurring soon after. The tracheostomy was formalised and the patient transferred to our paediatric intensive care unit. No signs of end-organ damage were apparent in the ensuing recovery period. The patient remains tracheostomised with no plans to decannulate at present. The only long-term deficit was to his speech which he has not regained. This is likely due to the high placement and large size of his tracheostomy tube, although inflammatory changes affecting the arytenoid joints cannot be discounted.
DISCuSSION
The CICO scenario in children is fortunately rare, posing additional challenges for anaesthetists facing this crisis. Anecdotally, this was the first true CICO in our department in over 20 years, during which time about 275,000 paediatric anaesthetics have been administered.
Although we were able to call upon a paediatric otolaryngologist to rescue the airway, the prospect of performing the procedure ourselves has focused our attention on the choice of procedure and the relevant airway anatomy. Which procedure, in our hands, will have the optimal chance of successfully rescuing the airway with the least risk of further morbidity?
FOP is a rare genetic condition, resulting in progressive debilitating heterotopic bone formation in soft tissues and skeletal muscles, occurring both spontaneously and in response to injury. Typically, the disease manifests in the first decade of life with episodic, painful, inflammatory soft tissue swellings (flare-ups). Often these transform the affected skeletal muscle and soft tissues into bone, causing permanent disability. The neck is affected first and presents with stiffness and swelling, precipitating investigation and leading to the diagnosis. Most patients are confined to a wheelchair by their second decade. The most common cause of death is respiratory failure in the third or fourth decade. This is due to recurrent chest infections, restrictive lung disease from scoliosis and both chest cage and abdominal wall ossification 1 . The anaesthetist managing a patient with FOP must address a difficult airway due to bone deposition causing fixed deformities of the neck and jaw, respiratory insufficiency and the need to avoid iatrogenic stimulation of bone formation 2 . It should be noted that although FOP is exceedingly rare, the airway issues raised and the potential remedies are applicable to the paediatric population at large where a CICO scenario occurs.
Given the rarity of CICO events in paediatric patients, there is no adequate evidence base to provide a definitive recommendation as to what is the most effective technique for rescuing the airway in a paediatric CICO scenario. Despite this, both open and percutaneous tracheostomies are available to the anaesthetist and have been described in detail 3 . The risk of failure or morbidity associated with a particular rescue airway technique varies and likely reflects the experience of the operator with the chosen technique, the procedural difficulty and the anatomy of the paediatric larynx. It is noteworthy that the cricothyroid membrane in the neonate measures 2.6 mm (superior-inferior), the thyroid cartilage is not prominent and the cricoid ring positioned more cephalad than in adults (C4 compared with C6) 4 . These differences increase the difficulty associated with a cannula or open cricothyroidotomy for a CICO scenario in a neonate or infant.
Successful insertion and use of a paediatric cricothyroidotomy cannula in a controlled situation has been reported using specific kink-resistant cannulae, but was associated with considerable morbidity including surgical emphysaema and bilateral pneumothoraces 5, 6 . A study using a cadaveric rabbit model has demonstrated the use of a percutaneous 'cannula over needle' device in performing cricothyroidotomy. Successful placement occurred in all ten specimens and adequate ventilation was achieved in reasonable time (23 to 43 seconds). The cricoid cartilage was fractured in 20% of cases, and the mucosa of the posterior tracheal wall was injured in 10%, highlighting the fragility of the paediatric larynx and the risk of serious complications from this technique 7 .
Despite anaesthetists' familiarity and ease with cannulation-type techniques it is our impression that in our hands the more surgically oriented procedure may prove more successful with less associated morbidity. Johansen et al demonstrated in a piglet model that, after minimal training, physicians had a higher rate of success performing tracheostomy (8/10) compared to those inserting a transtracheal cannula (8/30) 8 It is worth noting that a tracheostomy is a definitive airway whereas a transtracheal or cricothyroid cannula is temporary (may kink or be easily displaced), which allows only for oxygenation via jet ventilation and may hinder the subsequent formation of a formal surgical airway. Adequate lung deflation is critical and may be very slow with a small transtracheal cannula.
The Advanced Life Support Group in the united Kingdom (in 2001) and the American Society of Anesthesiologists (in 2003) recommended percutaneous cannula cricothyroidotomy for paediatric emergency airway management. The Advanced Life Support Group recommended a 14-gauge cannula in children and an 18-gauge cannula in infants. A recent editorial outlined the difficulties and controversies of jet ventilation in small children through these cannulae 9 , with very little clinical evidence available.
Currently, the only consensus document that exists referring to the management of this scenario is that produced for adult patients by the Difficult Airway Society 10 . Weiss and Englehardt have recently proposed a paediatric adaptation of the Difficult Airway Society adult algorithm 11 . They reserve cannula cricothyroidotomy for children over eight years old, but recommend open surgical cricothyroidotomy or tracheostomy in all ages. Based on our experience in this event, we would support the recommendation for an open surgical airway as the preferred rescue technique in the paediatric CICO scenario based on relative ease and a probable likelihood of greater success in the small and more fragile paediatric airway, where landmarks are often more difficult to identify. Although a true CICO is rare, it remains incumbent on all anaesthetists caring for paediatric patients to thoroughly consider the rescue technique they would use if such an event were to occur and to be appropriately prepared to act at the critical moment a CICO is declared.
